We report a study of the stellar content of the Near-infrared cluster [DBS2003] 157 embedded in the extended H ii region GAL 331.31-00.34, which is associated with the IRAS source 16085-5138. JHK photometry was carried out in order to identify potential ionizing candidates, and the follow-up NIR spectroscopy allowed the spectral classification of some sources, including two O-type stars. A combination of NIR photometry and spectroscopy data was used to obtain the distance of these two stars, with the method of spectroscopic parallax: IRS 298 (O6 V, 3.35 ± 0.61 kpc) and IRS 339 (O9 V, 3.24 ± 0.56 kpc). Adopting the average distance of 3.29 ± 0.58 kpc and comparing the Lyman continuum luminosity of these stars with that required to account for the radio continuum flux of the H ii region, we conclude that these two stars are the ionizing sources of GAL 331.31-00.34. Young stellar objects (YSOs) were searched by using our NIR photometry and MIR data from the GLIMPSE survey. The analysis of NIR and MIR colour-colour diagrams resulted in 47 YSO candidates.
INTRODUCTION
The study of the stellar content and the determination of the distances of H ii regions and star-forming complexes associated with massive molecular clouds are fundamental for the determination of the spiral structure and the rotation curve of the Galaxy. Also, the assessment of Galactic gradients of chemical abundances and electron temperatures have strong dependence on the accuracy of the distance estimates. The Norma region is a very interesting sector of the Galaxy for this investigation, since the line of sight intersects three spiral arms (Sagittarius-Carina, ScutumCrux, and Norma). In addition to the tens of optical H ii regions identified by Rodgers et al. (1960) , radio observations (e.g. Caswell & Haynes 1987) have revealed many other H ii regions heavily obscured by interstellar dust. The ionizing stellar clusters of some of these objects have been studied in detail in the last decade (Roman-Lopes et al. 2003; Roman-Lopes & Abraham 2004; Russeil et al. 2005; Skinner et al. 2009; Chavarría et al. 2010) . However, the ionizing stars of many of the H ii regions in the area have not been identified yet, and therefore their distances remain unknown.
The 2. ′ 5 × 2. ′ 5 radio H ii region GAL 331.31-00.34 (Caswell & Haynes 1987 ) is one of the interesting and unexplored objects located in Norma. It is associated with the IRAS source 16085-5138 and with the 2.
′ 1 × 1. • 46 ′ 14 ′′ , which was identified by Dutra et al. (2003) using data from the 2MASS survey. Methanol (Ellingsen et al. 1996; Kuchar & Clark 1997; Walsh et al. 1998; Caswell et al. 2000) and hydroxyl (Caswell et al. 1980 ) maser emission indicates the existence of a massive star-forming region (Walsh et al. 1997) . This is corroborated by the detection of CS(2-1) and SiO molecular lines (Bronfman et al. 1996; Harju et al. 1998, respectively) which require H 2 densities higher than 10 4 cm −3 . GAL 331.31-00.34 is located at the east part of a large (1 • ) complex of H ii regions, which includes eight bright extended radio sources (Amaral & Abraham 1991) . A high-energy gammaray source, HESS J1614-518, was discovered at the edge of this complex (Aharonian et al. 2006) . No counterpart has been found for this source among the most plausible classes of objects, like pulsar wind nebulae, supernova remnants, X-ray binaries, or active galactic nuclei. The superbubbles produced by the strong wind activity of OB associations could power high-energy gamma-ray sources (Parizot et al. 2004) . Some other extended high-energy sources have also been found associated with young stellar clusters (Aharonian et al. 2007 ). To figure out the energetics of these phenomena, it is essential to obtain the physical characteristics of the associated stellar population as well as an accurate estimate of its distance.
In this work, we present JHK photometry of the stellar cluster [DBS2003] 157 and near-infrared (NIR) spectrophotometry of nine selected candidate stellar members. We aim to identify the ionizing sources of the associated H ii region GAL 331.31-00.34 and to estimate its distance using the spectroscopic parallax method. In addition to that, JHK photometry and mid-infrared (MIR) data from the GLIMPSE survey carried out with the Spitzer Space Telescope (Benjamin et al. 2003 ) are used to identify young stellar objects in the area.
OBSERVATIONS AND DATA REDUCTION

Imaging photometry
JHK photometric observations were performed at the Observatório Pico dos Dias (OPD), Brazil, in April 2010. We used the NIR Camera CamIV attached to the 0.6-m Boller & Chivens telescope to obtain frames with a field of view of 8 ′ × 8 ′ and spatial scale of 0.
′′ 48 pixel −1 . A Hawaii CCD detector of 1024 × 1024 pixels and a set of J, H, K s filters were used. The K s narrow band filter C1 (FWHM ∼ 0.023 µm), centred at 2.138 µm, was chosen to avoid the contamination by Brackett-γ nebular emission (see Roman-Lopes & Abraham 2006a) . To prevent saturation of the brightest stars in the J and H bands and to minimize the high thermal noise in the K s -band, multiple short exposures were taken in each filter. The total integration times were 1260 s, 1575 s and 5250 s in the J-, H-, and C1-bands, respectively. In order to subtract the background emission, images were obtained at five different positions: the centre and its four adjacent positions, displaced between 90 ′′ to 120 ′′ . These large displacements were necessary to build a sky image uncontaminated by nebular emission. For each band, the final sky image represents the median value of each pixel taken over the five dithering positions. This technique allows the subtraction of the background and at the same time preserves the nebular emission in the final images. The typical seeing ranged from 1.
′′ 1 to 1.
′′ 5. Dark exposures and dome flat-fields were also taken both at the beginning and at the end of each night.
Standard procedures for NIR stellar CCD photometry in rel- atively crowded fields were performed with the IRAF 1 software. All frames were individually dark-subtracted and flattened, and the background contribution subtracted. Eventually, they were aligned and trimmed, to finally generate J-, H-and K-band images by median-combining all frames of each filter. By choosing the median-filter, we diminished the influence of bad pixels and cosmic rays on the final image. This procedure resulted in J, H, and K s "final" frames centred at RA(J2000) = 16 h 12 m 24 s , Dec.(J2000) = −51
• 47 ′ 27 ′′ , covering an area in the sky of ∼ 5 ′ × 4 ′ . Figure 1 shows one of these frames (H-band). The daofind IRAF routine was used in the determination of the physical coordinates of the stars in each frame, adopting an object detection threshold (in counts) of 4σ above the local background.
The instrumental magnitudes were computed using the daophot IRAF routines. Since some parts of the cluster are too crowded for aperture photometry, the point spread functions (PSFs) were obtained using the psf routine. Simultaneous PSF-fits for all the stars listed by daofind were performed with the allstar routine. A fitting radius of about 1 × FWHM and a PSF radius of ∼ 3.5 times this value was assumed for all stars.
The photometric calibration was performed using data from the 2MASS survey. For this task, seventy-three no-blended stars in both 2MASS and CamIV frames were chosen outside the ∼ 2 ′ × 2 ′ rectangular region (see Fig. 1 ) centred at the coordinates of [DBS2003] 157. Using the least squares method, we adjusted linear transformation equations for converting the instrumental magnitudes to the 2MASS system. The standard deviations of these transformations, defined as
were 0.034, 0.026, and 0.036 for the J, H, and K s (C1) filters, respectively. The final photometric errors were obtained as the quadratic sum of the transformation errors and of the individual error in the instrumental magnitudes given by the allstar task. No significant (J − H) and (H − K) colour-dependence between 2MASS and CamIV photometric systems has been found (Roman-Lopes & Abraham 2006b). Figure 2 shows the linear relation observed between the 2MASS and CamIV magnitudes and the dependence of the errors on the photometric magnitude for all stars detected. By analysing the magnitude histograms, log(N) vs. m, we estimate the completeness limits of the photometry as J = 15.5 mag, H = 15.2 mag, and K s = 13.5 mag, defined as the point where the log(N) vs. m plot deviates from a straight line. These values are similar to the 2MASS limits on the J and H bands (15.8 and 15.1 mag, respectively), but the K s completeness limit of the CamIV data is 0.8 mag lower. Table A1 presents the results of the photometry. Columns 1 lists our identification of the star; columns 2 and 3 provide the equatorial coordinates obtained with the ccmap IRAF routine applied to pixel-coordinates listed by the daofind; columns 4, 5 and 6 list the J, H, and K s photometric magnitudes and errors.
At a spatial resolution twice as better as the 2MASS survey, we to identified many sources that were previously unresolved in the 2MASS data, which in turn improves significantly the photometric accuracy, especially for stars situated in the crowded areas.
Spectroscopy
NIR spectroscopic data of nine stars in the GAL 331.31-00.34 region were acquired with the Ohio State Infrared Imager/Spectrometer (OSIRIS 2 ) coupled to the 4.1-m telescope of the Southern Observatory for Astrophysical Research (SOAR), located at Cerro Pachon, Chilean Andes. Spectra in J-, H-, and K s -band were taken with OSIRIS in the low-resolution (R ≃ 1200) multiorder cross-dispersed (XD) mode. In this mode, the instrument operates with a f/2.8 camera and a short (27 ′′ × 1 ′′ ) slit, covering the three bands simultaneously, in adjacent orders. The raw spectra were acquired using the standard AB nodding technique. Multiple short exposures were taken at each nod position, totalling 8-to-20 individual frames, giving a "final" exposure time of 8-to-40 minutes. Table 1 presents a journal of the spectroscopic observations. It lists our identification of the star, as defined in Table A1 , the identification in the 2MASS catalogue, the number and the duration of the individual exposures, and the observation dates. All the target A-and G-type spectroscopic standard stars were observed immediately before and after the "science" targets at similar air masses in order to remove telluric atmospheric absorption effects from the "science" spectra. These raw spectra were reduced using the CIRRED package and usual IRAF tasks. Two-dimensional frames were sky-subtracted for each pair of images taken at the two nod positions A and B, followed by dividing of the resultant image by a master flat. Thereafter, wavelength calibration was applied using sky lines; the typical error (1 σ) for this calibration is estimate as ∼12 Å. The multiple exposures were combined and onedimensional spectra were generated.
Telluric atmospheric correction using the spectroscopic standard stars completed the reduction process. In this last step, we divided each "science" spectrum by the spectrum of the A0 V spectroscopic standard star free of photospheric features, carefully removed by interpolating across their wings using the continuum points on both sides of the line. In the case of the H-band, the subtraction of the hydrogen absorption lines could not be successfully done by this method because of the small separation between the multiple lines of the Brackett series and some strong telluric features. Therefore we proceeded to remove the hydrogen lines from the A0 V H-band spectrum using the technique used by Blum et al. (1997) . Basically, one obtains a spectrum composed of only the profiles of hydrogen lines dividing the spectrum of a A-type standard star by a spectrum of a G-type star, whose H i intrinsic lines (fairly weaker than in A0 V line spectra) and other features of Gtype spectra were previously removed by hand, using as template the NOAO solar atlas of Livingston & Wallace (1991) . After that, these profiles are used to correct the A0 V spectrum, generating an H-band spectrum free of the hydrogen Brackett lines. Finally, telluric bands were removed using the IRAF task telluric. This algorithm interactively minimizes the RMS in specific regions of the sample by adjusting the wavelength shifts and intensity scales between the standard and "science" spectrum before performing the division. The wavelenght shifting corrects possible errors in the dispersion zero-points, whereas the intensity scaling equalizes airmass differences and variations in the abundance of the telluric species. Typical values of the shifts varied around ∼2 Å, while the scaling factors were smaller than 10%. 
RESULTS
Spectral classification
He i optical absorption lines are well-known spectral features of OB stars (cf. Walborn & Fitzpatrick 1990) . If He ii absorption lines are also present, there is a substantial indicative of an O-type star. Since such features are also found in NIR spectra (Hanson et al. 1996) , the presence of these lines must still be the primary criterion to be observed when classifying hot star spectra in this band. H i Brackett series could also be used. However, it would require special attention since these lines are highly contaminated by nebular emission (Bik et al. 2005) .
The spectra of six of the stars listed in Table 1 were found to correspond to late-type objects. They were classified visually by comparison with the 0.8-5 µm spectral library of cool stars by Rayner et al. (2009) and are displayed in Fig. A1 (Appendix). They are probably field stars and will not be included in our discussion on the region. The other three spectra correspond to early-type stars (Figure 3 ).
The detection of He ii lines at 1.692 µm and 2.188 µm in the spectra of IRS 298 and IRS 339 restricts the spectral types of both of these stars to O9 or earlier. On the other hand, the relative strength of these lines compared with the He i features at 1.279 µm, 1.700 µm and 2.112 µm indicates that IRS 339 is a late-O, whereas IRS 298 is an early-O star. The detection of the N iii line at 2.115 µm in emission, together with the broad profile of the H i lines, indicates that these two objects are dwarf stars, even though we do not discard that IRS 339 may be a supergiant. The distinction between the various luminosity classes can be doubtful in the NIR because of the paucity of lines suitable for this purpose and the large uncertainties of their equivalent widths (Hanson et al. 1996 . Figure 4 presents a comparison between the equivalent widths (W λ ) of four selected He lines of dwarf stars, ranging from O6 to O9.5 spectral types, along with the values measured for IRS 339 and IRS 298. In this comparison, we included only lines with equivalent widths reasonably well determined and discarded H i lines, whose profiles are highly dependent on the reduction process (see Sec. 2.2). Based on this scheme, the arguments presented above, and a visual comparison with other dwarf O-star spectra obtained with the same instrumental configuration and the spectra of the atlases by Hanson et al. (1996 Hanson et al. ( , 2005 and Bik et al. (2005) , we classified IRS 298 as O6 V and IRS 339 as O9 V.
The third stellar spectrum displayed in Fig. 3 is too noisy to be accurately classified. However, the strength of its He i lines and the tentative detection of Si, C, N, O suggest that IRS 335 is an O9-to-B1 type star.
Spectroscopic parallax distance
The distances of the classified stars IRS 298 and IRS 339 have been calculated from their apparent J and H magnitudes listed in Table A1 using the method of spectroscopic parallax. The IR extinction curve by Stead & Hoare (2009) , which results in E J−H /E H−K = 1.91, was adopted for the reddening corrections. As intrinsic stellar parameters, we used the absolute magnitudes for the various spectral types compilated by Vacca et al. (1996) and the non-reddened colour indices by Koornneef (1983) , both transformed into the 2MASS photometric system using the relations given by Carpenter (2001) . According to this method, we obtained a heliocentric distance of d = 3.24 ± 0.56 kpc (A J = 3.03, A V = 10.44) for IRS 339 and d = 3.35 ± 0.61 kpc for IRS 298 (A J = 3.51, A V = 12.10). Based on the average distance of these two stars, we estimate the heliocentric distance for the H ii region GAL 331.31-00.34 of d = 3.29 ± 0.58 kpc and a visual extinction of A V ∼ 11 mag. Caswell & Haynes (1987) obtained the radial velocity of V LSR = −64 km s −1 for GAL 331.31-00.34, based on radio recombination lines. According to the model of Brand & Blitz (1993) for the rotation curve of the Galaxy, this figure corresponds to the near and far kinematic distances of 4.2 kpc and 10.7 kpc, respectively. Thus this Hii region is definitely at the near kinematic distance.
Inventory of the ionizing stars and the Lyman continuum luminosity
In order to search other potential ionizing stars besides those confirmed spectroscopically, we reanalysed the NIR colour-colour (CC) and colour-magnitude (CM) diagrams (Figs. 5) , assuming the distance of 3.29 kpc obtained in section 3.2. The intrinsic colours assumed are given by Koornneef (1983) , while the absolute magnitudes in J-band are from Vacca et al. (1996) for O-stars and from Wegner (2007) for the other spectral types, all of them transformed into the 2MASS photometric system by the relations given by Carpenter (2001) . The classical T-Tauri star locus shown in the CC diagram is taken from Meyer et al. (1997) , while the locus of the Herbig Ae/Be candidates is indicated in accordance with Lada & Adams (1992) . According to the CC diagram, we suspect that IRS 114 and IRS 446 are stars with spectral types between B0 V and B1 V. However, they are heavily obscured by dust (A V > 18 mag) and, in this region of the diagram, the classification is highly dependent on the slope adopted for the reddening vector. Nishiyama et al. (2006) and Stead & Hoare (2009) showed that this slope depends on the direction of observation and, for large reddening, the scattering around the reddening vector might be very high. In these cases, a purely-photometric classification may not be very accurate. Thus, it could not be discarded that IRS 114 and IRS 446 actually are pre-main sequence stars. An inventory of our search for hot stars in the field is presented in Table 2 , which lists the five stars identified as potential ionizing sources of GAL 331.31-00.34 along with their photometric and spectroscopic spectral classifications.
To test the completeness of the set of ionizing stars found associated with this Hii region, we compare the Lyman continuum photon luminosity N Ly (photon s −1 ) emitted by these stars with that needed to supply the radio continuum flux. Adopting the Lyman luminosity by Hanson et al. (1997) , these five stars would amount to a total of N Ly = 10 49.07 photons s −1 . In fact, this total is strongly dominated by the contribution of the two O-type stars. On the other hand, a Lyman continuum luminosity of N Ly = 10 48.74 photons s −1
is inferred from the radio continuum flux density S ν at 22 GHz In both diagrams, the filled circles refer to the stars in the black square shown in Fig. 1 , whereas the open circles refer to the other stars on the frame. The spectroscopically classified stars are indicated by blue (early-type) or red circles (late-type). Reddening lines for the 5 potential ionizing stars are also indicated. 
where we assume the abundance ratio of He + /H + = 0.5, a typical electron temperature T e = 8000 K, and f i = 0.65 for the fraction of He-recombination photons energetic enough to ionize the H. Using the flux densities at 5 GHz measured by Caswell & Haynes (1987) and Kuchar & Clark (1997) almost identical results are found. Thus, we conclude that the O-type stars IRS 298 and IRS 339 can cope with the ionization of this nebula. The three stars photometrically classified as B0-to-B1 V type and other cooler stars would not contribute significantly to the ionization of the nebula.
YSO candidates
The intrinsic IR excess found in some stellar objects is an evidence of accreting disks or infalling envelopes. The identification of a group of objects with these properties indicates the existence of intense and recent star formation, which makes these regions interesting places to search for pre-main-sequence stellar objects (PMS), for example. The analysis of NIR and MIR colour-colour diagrams allows us to identify PMS stars and infer their nature based on their photometric properties. For example, according to Allen et al. (2004) , objects with accreting disks, named Class II YSO, occupy the locus of reddened classical T-Tauri in NIR colour-colour diagrams, whereas objects whose emission is dominated by infalling envelopes, named Class I, have more reddened colours. YSOs with weak or no IR-excess are named Class III, and are not discriminated in CC diagrams, since they are found along with ZAMS stars.
The analysis of the NIR colour-colour diagram presented in Fig. 5 indicates a total of 36 YSO candidates, which are listed in Table 3 together with their tentative classification between T-Tauri (T Tau) or Herbig Ae/Be (H AeBe) stars. In this list, IRS 446 and IRS 114 could also be main sequence stars very obscured by dust. IRS 150 is the most reddened object detected in this work, with A V 20 mag. Considering the error bars of the photometry and extinction laws, IRS 150 has colours of a very reddened T-Tauri star. Redwards in the CC NIR diagram, IRS 478 presents typical colours of a very embedded YSO in an early stage of formation. A third group of stars appears below the T-Tauri locus, showing (H − K s ) 0.4 mag. In this region, Herbig Ae/Be stars, which are PMS stars more massive than T-Tauri, can be confused with Class I sources (Lada & Adams 1992) , galaxies or other background objects, making a classification based only on photometric data unreliable. Figure 6 presents a MIR colour-colour diagram made with data from the GLIMPSE survey. This diagram is used to identify and classify objects with MIR colour excess (hereafter denoted as CE). Within a region of 2.
′ 5 radius centred at the NIR H-frame (see Fig. 1 ), a total of 58 sources were simultaneously detected in the four GLIMPSE/IRAC-bands. We identify 11 MIR sources with colour excesses, which are listed in Table 4 . Some of them are so obscured by dust that they have not been detected in the NIR bands.
Low-mass objects with MIR colour excess can be classified according to scheme by Allen et al. (2004) . Class III objects, along with back/foreground objects, have the MIR colours 1.0. However, from the MIR photometry alone, we are not able to decide whether or not these objects are low-mass YSOs. Figure 7 presents the spectral energy distributions (SEDs) of the MIR sources classified as YSOs, obtained by combining their NIR and MIR magnitudes. Sources CE 1 and CE 10 present a high spectral index α ≡ d log (λF λ )/d log λ near λ ∼ 2 µm, which is characteristic of protostars in an early stage of evolution (Lada 1987) .
The nature of IRAS 16085-5138
IRAS 16085-5138 is the only IRAS source in the field. According to the classification scheme of Wood & Churchwell (1989) , its IRAS colours are compatible with an ultra-compact H ii region. Methanol and hydroxyl masers have been detected at its vicinity (e.g. Caswell et al. 1980 Caswell et al. , 2000 . We identify this source with CE 10, which presents the highest spectral index among all the CEobjects identified in this work, and is the only one detected inside the IRAS position error ellipse. Using photometric data from the 2MASS, GLIMPSE, and IRAS surveys, we obtained the 2-100 µm SED of this source (Fig. 8) . According to Lada (1987) , a spectral energy distribution rising longward of λ = 2 µm, such as that shown by this object, is characteristic of Class I objects. We evaluated the spectral index between 2 and 25 µm (the dotted line in Fig. 8) , and found α ≈ 3.6, typical of YSO immersed in a dense protostellar envelope, which is also in accordance with the classification drawn from the MIR colour-colour diagram.
Since most of the energy of this object is emitted in the infrared, the bolometric luminosity of the embedded protostar can be approximated by integrating the SED between 2 and 100 µm. Adopting the distance of 3.29 kpc and A V = 10 mag, we obtain a luminosity of L = 7.7 × 10 3 L ⊙ . Since pre-main-sequence models (e.g. Iben 1965 ) indicate that early-type stars evolve at constant luminosity from the Hayashi track up to the main sequence, this result implies that the lower limit for this stellar mass is M 10 M ⊙ . This mass value corresponds to a B0-B1 ZAMS star (cf. Hanson et al. 1997 ). Figure 9 presents a RGB combination of 8.0 µm (R), 5.8 µm (G), and 3.6 µm (B) GLIMPSE images that show a broken shell-like structure with a diameter of ≈ 4 ′ associated with GAL 331.31-00.34. At the distance of 3.29 kpc, this shell would have a diameter of ≈ 3.8 parsec. This shell, identified as [CPA2006] S62 in the SIM-BAD database, is named S 62 in the catalogue by Churchwell et al. (2006) , which contains over 300 MIR arcs. The authors interpreted the arcs as the projection on the sky of three-dimensional bubbles, and found that only one quarter of them would be associated with H ii regions. In these cases, the bubbles would be expanding driven by the stellar wind and the radiation pressure from young massive stars. These stars would also power the bubbles, which are traced by the polycyclic aromatic hydrocarbon (PAH) emission produced in the photodissociation regions located at the edge of the H ii regions. According to Deharveng et al. (2010) , most of the bubbles are in fact associated with H ii regions, and more than a quarter of them could be triggering the formation of a new generation of stars, as seems to be the case of RCW 120 (Deharveng et al. 2009 ).
MIR shell structure
In the case of GAL 331.31-00.34, the IRAS source 16085-5138 and the methanol and hydroxyl masers (Ellingsen et Table 4 . In these three MIR bands, the peak emission coincides with the source CE 10, which we identified as the GLIMPSE counterpart of IRAS 16085-5138.
1980), typical tracers of ongoing massive star formation, are located at the bright northern border of the shell. At these positions, CS(2-1) and SiO molecular emission, which require densities higher than 10 4 cm −3 , were detected by Bronfman et al. (1996) and Harju et al. (1998) , respectively, who carried out radio surveys towards IRAS sources with colours of UC-HII regions. This possibly indicates that the expansion of the northern part of the bubble has been hampered by a dense molecular environment. The same phenomenon may also occur in other parts of the bubble, but additional observations of CS and NH 3 , which are good tracers of dense molecular regions, are still lacking.
We also find that the T Tauri and the Herbig Ae/Be candidates found from the NIR photometry are found preferentially towards the bubble, while the YSO candidates found from the MIR data are located in a limited north-south band crossing the openings of the broken shell.
SUMMARY
We carried out JHK photometry in the direction of the Galactic H ii region GAL 331.31-00.34. We classified spectroscopically the main ionizing sources and estimated their distance. As a result, we identified other potential ionizing stars and performed their respective photometric classifications. Data from the 2MASS, GLIMPSE, and IRAS surveys were also explored. Our main findings are:
i. We identified, classified spectroscopically, and estimated the spectroscopic parallax distances of two O-type stars associated with this Hii region: IRS 298 (O6 V, d = 3.35 ± 0.61 kpc) and IRS 339 (O9 V, d = 3.24±0.56 kpc). Adopting the average distance of 3.29 ± 0.58 kpc and comparing the Lyman continuum luminosity of these stars with that required to ionize the nebula, obtained from radio continuum observations, we concluded that these two stars are the ionizing sources of GAL 331.31-00.34.
ii. By analysing the NIR colour-colour diagram, 36 pre-main sequence (PMS) objects could be identified and classified: 9 T-Tauri Table 3 . The green circles indicate the objects showing MIR colour excess listed in Table 4 . The blue dots point to the hot stars spectroscopically identified.
and 27 Herbig Ae/Be candidates. From the GLIMPSE data, 11 objects with MIR colour excesses have been found.
iii. The MIR counterpart of the IRAS source 16085-5138 was identified and its spectral energy distribution between 2 and 100 µm was analysed. We concluded that IRAS 16085-5138 is a massive YSO in an early stage of formation, with luminosity L 7.7 × 10 3 L ⊙ and mass M > 10 M ⊙ .
High spatial resolution observations in radio frequency of the ionized and molecular gas are necessary for deeper studies of the dynamics and evolution of star formation in the field of GAL 331.31-00.34. Likewise, the possible connection between the diffuse high energy gamma-ray emission HESS J1614-518 and powerful winds and radiation fields of OB stars in the region should be subject of future hydrodynamic studies. The young stellar cluster DBS2003 157 11 Figure A1 . Cold stars in the field of GAL 331.31-00.34.
